The same has held true for technology to measure winds, sea surface temperature (SST), ocean color, and the gravity field from space, he pointed out, and then asked "What are we overlooking? What new technological challenges are there for zeroth-order impact on the knowledge of the ocean?"
The purpose of this paper is to suggest that measuring the global surface salinity field from satellite is the next challenge.
Satellite observations are becoming an integral part of global ocean observing systems designed ultimately to monitor interannual to interdecadal time scale processes as we attempt to understand the uncertainties for forecasting E1 Nifio-Southern Oscillation, global warming, and other climate variations. Perhaps the foremost example of where sea surface salinity (SSS) plays an important role in these processes is the far north Atlantic. Surface low-salinity intrusions are believed to influence the deep convection that drives thermohaline circulation and the meridional heat transport (Dickson et al., 1988; Aagaard and Carmack, 1989; Broecker, 1991; Delworth et al., 1993) . The re-moteness and harsh climate of the dynamically important regions inhibits conventional measurements making the advantages of an all-weather satellite measurement self-evident.
Salinity variations also influence upper ocean dynamics in the tropics. It has been suggested that upper ocean buoyancy accumulation due to excess rainfall in the western Pacific is a factor in El Nifio dynamics (Godfrey, 1990 repeating here, but it has long been recognized that SSS is an important parameter missing from the satellite remote sensing tool kit. It has been far less recognized that SSS remote sensing is possible and has been demonstrated.
Salinity Remote Sensing--A Brief History, and How It Works
It may surprise the reader that the first (and only) attempt to measure SSS from space took place 20 years ago on Skylab (Lerner and Hollinger, 1977) . A 1.4 GHz microwave radiometer collected data intermittently, there was no "ground truth" other than standard surface charts, and many of the ambient corrections were not as well understood then as they are today. Nevertheless, a correlation was found between the sensor data (after correcting for other influences) and
SSS. This was an encouraging early result. Klein and Swift (1977) .
reasonable estimates of their influence on measurement accuracy can be made (see below). It was becoming evident that satellite SSS remote sensing was a possibility.
In the early 1980s, NASA was in the process of establishing the oceanic processes remote sensing program around a package of missions and sensors for measuring dynamic topography, wind stress, ocean color, SST, and sea ice. Salinity remote sensing was considered, but there was a tendency to view it in the context of _1 kin, I'C infrared SST capability.
As shown below, such a program would require enormous antenna structures, and the measurement accuracy would not rival that of SST. Oceanographers accustomed to making highprecision salinity measurements at sea concluded that remote sensing data quality did not justify a dedicated effort. This, coupled with the lack of a clearly defined scientific need for the data at the degraded accuracy and resolution, prompted the decision to abandon SSS remote sensing and focus on the other elements of the ocean program. The airborne version was developed as an engineering prototype and to provide the proof-of-concept that aperture synthesis can be extrapolated to a satellite design (Le Vine et al., 1990) . On a few occasions there have been opportunities to collect ocean data with this sensor; results from a flight across the Gulf Stream near Cape Hatteras are shown in Figure 3 . The change from SSS>36 in the offshore waters to SSS<32 near shore is evident, along with several frontal features noted in the satellite SST image from the same day (not shown).
The which in turn removes a major limitation on measurement precision, given that random errors can be reduced by averaging over larger areas.
Improving spatial resolution requires the larger antenna size that is made practical with ESTAR. A radiometer footprint size (x) is determined by the electromagnetic wavelength (k), satellite altitude (h) and antenna aperture (D) as follows:
x ,-1.22 hh (2) D With ESTAR it is feasible to deploy a _ 10 m aperture antenna to obtain 10-km resolution from an orbit altitude of -400 km for a 1.4-GHz (k = 21 cm) radiometer (see Swift, 1993 for more technical detail).
In contrast to achieving a 10-km footprint, it would still require an enormous (and unfeasible) antenna to obtain _ l-km resolution.
We should dispel any misconceptions that spaceborne salinity remote sensing will ever provide the , along with several frontal features noted in the satellite SST image from the same day  (not shown). Points are 1-s averages and the solid line is 1 km along-track averages (_ 7 s) . (remote from coastal regions). It is no wonder that experienced remote sensing scientists take a skeptical view of salinity remote sensing using a microwave radiometer with a -I'K sensor error. However, oceanic time scales are generally much slower than the atmospheric synoptic scale, and sampling requirements can be relaxed. TOPEX/Poseidon, for example, measures ocean dynamic topography in an orbit that traces a diamond-shaped lattice grid repeated every 10 d (Fig. 4) . The area of one grid cell at low latitude is about 110,000 km 2 or the equivalent of a _330-km square. It is instructive to compare the capabilities of TOPEX/Poseidon at this spatial and temporal resolution with a salinity sensor such as ESTAR to assess the scientific potential of the latter. The sampling density would increase with latitude commensurately for both satellites, so 330-km resolution can be used as a general basis for comparison. Table 1 shows summaries of the estimated salinity measurement errors and the impact of error reduction through spatial and temporal averaging. It is assumed that the sensor is in a sun-synchronous orbit with a revisit time of -3 d, measures SSS at 10-kin resolution each pass, and carries channels to measure SST and wind at the same resolution (see Swift et al., 1993) . It is immediately apparent that the sensor noise is the largest error source at the fine scale (10 km), but is a minor term on the large scales due to averaging. The long length scale errors do not have this advantage and represent the largest uncertainties needing to be modeled and corrected. Reasonable estimates of the uncertainties after correction are given in the table and notes, and the total root sum square (rss) error is estimated to be _0.14 psu at these scales. Table 2 shows a comparison to TOPEX/Poseidon. The mean dynamic topography has a dynamic range of _250 cm globally and, with a -5-cm error, TOPEX/Poseidon yields a --50: 1_ signal-to-error ratio. Open ocean surface salinity varies from 32 to 37 psu globally, for a 5 psu dynamic range• We see that a _0.14 psu rss error, suggests thata comparable -35:1 signal-to-error ratiois possible tot SSS measurements at the same spatial and temporal scales as TOPEX/Poseidon. Even with larger errors, say _0.25 psu, the signalto-error ratio would be on the same order. Other altimeter mission (ERS I, Geosat) signal-to-error ratios are likewise smaller than TOPEX/Poseidon, and the scientific value of those missions is well recognized.
There are a number of assumptions in the error estimates of Table I, so it would be 
Conclusion
We have sought to convince the reader that :SSS satellite remote sensing is a practical idea. There are some who will argue that the error estimates given here are unrealistic. oping models for 1.4 GHz soil moisture measure-
